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In ideal solutions, binary, or mutual, diffusion is well described by Fick’s law, which describes the
driving force for diffusion in terms of a concentration gradient. However, from a thermodynamic per-
spective, the driving force is more correctly considered to be a gradient of chemical potential. The
simplest analysis for a binary mixture suggests that the molar flux can be written as [1]:
j1 =−D12cdx1dz =−D
∗
12
cx1
RT
dµ1
dz
(7)
Here D12 is the mutual diffusion coefficient and D∗12 is a different diffusion coefficient defined for a
chemical potential gradient. The gradient of chemical potential can be written as:
µ1 = G1+RT lnx1γ1 (8)
Substitution of (2) in (1) yields the following expression:
D12 = D∗12
[
1+
d lnγ1
d lnx1
]
(9)
In equation (3) D∗12 may be identified as some sort of molecular mobility, whilst the term in square
brackets is a thermodynamic correction factor, taking account of the “force” on the diffusing molecules
due to the gradient of excess chemical potential. The main critic to equation (3) is that it systemati-
cally underpredicts measured mutual diffusivities in non-ideal binary mixtures, especially those with
a consolute point; however, there is no general agreement about the appropriate form of an improved
equation. Other equations have been developed [2, 3], containing one or more adjustable parameters,
which give better predictions near the consolute point but seems to fail far from it and do not give
accurate predictions for non-ideal solutions without a consolute point.
Based on scaling laws [4], an improved form of equation (3) has been developed and successfully
validated for non-ideal liquid mixtures with and without a consolute point. According to our model,
the mutual diffusion coefficient can be written as:
D12 = D∗12
[
1+
d lnγ1
d lnx1
]α
(10)
where α is a parameter grounded in scaling law theory, expected to be around two thirds.
In this work we demonstrate the practicality of calculating mutual diffusion coefficients using equation
(4) for the non-ideal mixture nitrobenzene/n-hexane, which shows an upper consolute point. The PFG-
NMR method is used to measure the tracer diffusion coefficients, which are then used to calculate
the collective mobility term D∗12. Vapour liquid equilibrium (VLE) thermodynamic data are then used
to quantify the thermodynamic correction factor. The required non-thermodynamic parameter (α =
0.64) is consistent with that reported by Wu et al. [5] for the temperature dependence of the diffusion
coefficient in the same system, and with the theoretical value expected from semi-empirical scaling
laws, describing the influence of dynamic concentration fluctuations.
Besides the mixture studied in this work, equation (4) has been tested on a wide range of non-ideal
binary mixtures [6, 7, 8] and in all cases it has shown excellent predictions. Therefore, its use seems
to be of general validity and this could have significant applications, notably in measuring diffusion
coefficients in practical situations such as porous catalysts or packed beds, where conventional methods
can be challenging.
References
[1] E. Schreiner: Om anvendelsen av bjerrums elektrolytiske teori paa elektrolyt-diffusjonen og dif-
fusjonpotensialet. Tidsskr. Kemi Bergvaesen 2, 151 (1922)
[2] E.L. Cussler: Cluster diffusion in liquids. AIChE J. 26, 43–51 (1980)
[3] T. Gurkan: Note to the editor. AIChE J. 33, 175–176 (1987)
[4] M.L.S. Matos Lopes, C.A. Nieto de Castro, J.V. Sengers: Mutual diffusivity of a mixture of n-
hexane and nitrobenzene near its consolute point. Int. J. Thermophys. 13, 283–294 (1992)
[5] G. Wu, M. Fiebig, A. Leipertz: Messung des binaren Diffusionskoeffizienten in einem Entmis-
chungssystem mit Hilfe der Photonen-Korrelationsspektroskopie. Warm. Stoffub. 22, 365–371
(1988)
[6] C. D’Agostino, M.D. Mantle, L.F. Gladden, G.D. Moggridge: Prediction of mutual diffusion co-
efficients in non-ideal mixtures from pulsed field gradient NMR data: Triethylamine–water near
its consolute point. Chem. Eng. Sci. 74, 105–113 (2012)
[7] C. D’Agostino, J.A. Stephens, J.D. Parkinson, M.D. Mantle, L.F. Gladden, G.D. Moggridge: Pre-
diction of mutual diffusivity in acetone-chloroform liquid mixtures from tracer diffusion coeffi-
cients. Chem. Eng. Sci. 95, 43–47 (2013)
[8] G.D. Moggridge: Prediction of mutual diffusivity in binary non-ideal liquid mixtures from the
tracer diffusion coefficients. Chem. Eng. Sci. 71, 226–239 (2012)
